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(54) Plasma display panel including sustain electrodes having double gap and method of 
manufacturing the same 



(57) A plasma display panel (PDP) Including sustain 
electrodes (40;42) having a double gap (g2;g3) and a 
method of manufacturing the same are provided. The 
PDP includes sustain electrodes (40,42) having a dou- 
ble gap structure and a predetermined resistance value. 
Each of the sustain electrodes (40;42) includes a main 
electrode for sustaining discharge and an auxiliary elec- 
trode for starting a low-voltage discharge without de- 
creasing efficiency. A gap (g3) between auxiliary elec- 
trodes included in different sustain electrodes (40;42), 
respectively, is narrower than a gap (g2) between the 
different sustain electrodes (40;42). Each auxiliary elec- 
trode is formed between barrier ribs or Immediately 
above a barrier rib. A ditch is formed in a dielectric layer 
covering the main electrodes and the auxiliary elec- 
trodes. The ditch is formed immediately above an aux- 
iliary electrode. 
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Description 

[0001] The present invention relates to a flat panel display apparatus, and more particularly, to a plasma display 
panel (PDP) Including sustain electrodes having a double gap and a method of manufacturing the same. 

5 

2. Description of the Related Art 

[0002] A PDP is a display apparatus using gas discharge. A PDP Is more suitable to a large size than other flat panel 
displays such as a liquid crystal display (LCD), afield emission display (FED), and an electroluminescent display (ELD). 
10 [0003] A PDP can be manufactured in large size because It has a structure, In which a front glass substrate having 
a discharge electrode is separated from a rear glass substrate having a fluorescent material by a micro gap of 0.1-0.2 
mm and plasma is formed therebetween, so that it effects as long as the gap between the front and rear glass substrates 
is exactly maintained. 

[0004] PDPs are divided into a direct current (DC) type and an alternating current (AC) type. In the DC type, an 
15 electrode is directly exposed to. a discharge gas, so the electrode sputters and evaporates with repetition of discharge. 
The AC type overcomes these problems of the DC type. In order to prevent an electrode from evaporating during a 
discharge, the AC type includes a dielectric layer covering the electrode. In addition, in order to prevent a fluorescent 
material from being damaged by Ions generated during a discharge, the AC type Includes electrodes, which are ar- 
ranged in a horizontal direction. When provoking a discharge using these electrodes, ions generated during the dis- 
20 charge are prevented from being injected Into a fluorescent material, and only ultraviolet rays generated during the 
discharge are radiated onto the fluorescent material. 

[0005] FIG. 1 shows the structure of such an AC type PDP (hereinafter, referred to at a conventional PDP). Referring 
to FIG. 1 , the conventional PDP Includes a front glass substrate 10 and a rear glass substrate 12, which face each 
other in parallel. Transparent first and second sustain electrodes 14a and 14b are arranged in parallel on a side (nere- 
is in after, referred to as a rear side) of the front glass substrate 1 0, which faces the rear glass substrate 12. As shown in 
FIG. 2, a gap "d" exists between the first and second sustain electrodes 14a and 14b. First and second bus electrodes 
16a and 16b are disposed on the first and second sustain electrodes 14a and 14b, respectively, In parallel with the 
first and second sustain electrodes 14a and 14b, respectively. The first and second bus electrodes 1 6a and 1 6b prevent 
drop In voltage caused by resistance during a discharge. The first and second sustain electrodes 14a and 14b and the 
30 first and second bus electrodes 16a and 16b are covered with a first dielectric layer 18. The first dielectric layer 1 8 Is 
covered with a protective layer 20. The protective layer 20 protects the first dielectric layer 18 from a discharge so that 
the conventional PDP can reliably operate for a long period of time and emits a large amount of secondary electrons 
during the discharge, thereby lowering a discharge voltage. A magnesium oxide (MgO) layer is widely used as the 
protective layer 20. 

35 [0006] In the meantime, a plurality of address electrodes 22 used for writing data are disposed on the rear glass 
substrate 1 2. The address electrodes 22 are arranged in parallel with one another and in perpendicular to the first and 
second sustain electrodes 14a and 14b. Three address electrodes 22 are provided for each pixel. In a single pixel, 
three address electrodes 22 correspond to a red fluorescent material, a green fluorescent material, and a blue fluo- 
rescent material, respectively. The address electrodes 22 are covered with a second dielectric layer 24. A plurality of 

to barrier ribs 26 are disposed on the second dielectric Jayer 24, which is provided for light reflection. The plurality of 
barrier ribs 26 are spaced apart by a predetermined gap and parallel with the address electrodes 22. Each barrier rib 
26 Is disposed on the second dielectric layer 24 between adjacent address electrodes 22. In other words, the address 
electrodes 22 are alternately arranged with the barrier ribs 26. The barrier ribs 26 become in close contact with the 
protective layer 20 provided on the rear side of the front glass substrate 10 when the front and rear glass substrates 

45 1 o and 12 are joined together. Fluorescent materials 28a, 28b, and 28c are deposited in gaps between the barrier ribs 
26 and excited by ultraviolet rays. The first fluorescent material 28a emits red (R) light, the second fluorescent material 
28b emits green (G) light, and the third fluorescent material 28c emits blue (B) light. 

[0007] After sealing the front glass substrate 10 to the rear glass substrate 12, unnecessary gas Is discharged from 
a gap therebetween, and then a plasma forming gas is injected into the gap. Although a single gas (for example, neon 
50 (Ne)) may be used as the plasma forming gas, a mixed gas (for example, Ne+Xe) is widely used. 

[0008] In this conventional PDP, a pressure of the plasma forming gas (a partial pressure of a particular gas In a 
case of a mixed gas) needs to be maintained high In order to avoid an Increase in a sputter rate (SR) on the surface 
of the protective layer 20, and thus a high discharge voltage Is required. 

[0009] More specifically, referring to paschen curves G1 and G2 shown in FIG. 3, a discharge voltage can be lowered 
55 by adjusting a pressure P of a plasma forming gas and a gap "d" between the first and second sustain electrodes 1 4a 
and 14b such that a product Pd of the pressure P and the gap "d" is 1 . For example, when the gap "d" is 1 00 urn (i.e., 
0.01 cm), if the pressure P is maintained at 100 torr, a discharge voltage of a PDP can be towered. 
[0010] However, when the pressure P of a plasma forming gas is lowered, an SR on the surface of the protective 
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layer 20 rapidly increases according to Formula {1 ), which defines the SR. 

SR=(J/P) 25 (1) 

5 

[0011] Here, "j" is an electric current density of the surfaces of the sustain electrodes 14a and 14b. 

[0012] For this reason, in the conventional PDP, the pressures of a plasma forming gas must be maintained high (e. 

g., 300-500 torr), and thus a discharge voltage is also high. 

[0013] The present invention provides a plasma display panel (PDP) for lowering a discharge voitage with efficiency 
10 maintained. 

[0014] The present invention also provides a method of manufacturing the PDP. 

[0015] According to an aspect of the present invention, there is provided a PDP including a front panel on which an 
image is displayed, the front panel comprising a plurality of sustain electrodes, a plurality of bus electrodes, a first 
dielectric layer covering the plurality of sustain electrodes and bus electrodes, and a protective layer; a rear panel 

15 which is separated from the front panel and hermetically sealed to the front panel, the rear panel comprising a plurality 
of data lines, a second dielectric layer covering the plurality of data lines, barrier ribs, and a fluorescent layer; and a 
plasma forming gas which exists between the front and rear panels. Here, a first sustain electrode selected from the 
plurality of sustain electrodes and a second sustain electrode facing the first sustain electrode have a double gap which 
allows a discharge voitage to be decreased without reducing discharge efficiency, allows discharge to be provoked at 

20 a low voltage, and allows the low discharge to stop after the start of the discharge. 

[0016] Preferably, the first sustain electrode comprises a first main electrode which is used to sustain a discharge 
after the discharge is started, and a first auxiliary electrode which is integrally connected to the first main electrode 
and is used to start the discharge. The first auxiliary electrode is a resistance element having a resistance of at least 
30 Q. Preferably, the second sustain electrode comprise a second main electrode which is used to sustain a discharge 

25 after the discharge is started, and a second auxiliary electrode which is integrally connected to the second main elec- 
trode and is used to start the discharge. The second auxiliary electrode is a resistance element having a resistance of 
at least 30 Q. 

[0017] Preferably, a first groove, in which the first auxiliary electrode is disposed, is formed in the first main electrode, 
and a second groove, in which the second auxiliary electrode is disposed, is formed in the second main electrode. 

30 [0018] Preferably, at least one of the first and second grooves is near a barrier rib. 

[0019] Preferably, an entrance of at least one of the first and second grooves is narrower than the inside thereof. 
[0020] Preferably, the first auxiliary electrode comprises a body which is disposed within the first groove, and an end 
portion which is extended from the body and is disposed between the first and second sustain electrodes. Preferably, 
the second auxiliary electrode has the same structure as the first auxiliary electrode. 

35 [0021] Preferably, the end portion of the first auxiliary electrode is parallel with or perpendicular to a bus electrode 
formed on the first sustain electrode to be parallel with the first sustain electrode or has a pointed shape. Preferably, 
the end portion of the second auxiliary electrode is parallel with or perpendicular to a bus electrode formed on the 
second sustain electrode to be parallel with the second sustain electrode or has a pointed shape. 
[0022] Preferably, the first and second grooves are vertically or diagonally symmetric, 

40 [0023] Preferably, the first auxiliary electrode is a resistance element, which is provided at an end of the first main 
electrode to face the second sustain electrode. 

[0024] Preferably, the second auxiliary electrode is a resistance element, which is provided at an end of the second 
main electrode to face the first sustain electrode. 

[0025] Preferably, the first auxiliary electrode is a resistance element, which is provided at an end of the first main 

45 electrode to face the second sustain electrode or the second auxiliary electrode. 

[0026] Preferably, the plasma forming gas is a mixed gas of neon (Ne) and xenon (Xe) and contains 4-20% Xe. 
[0027] Preferably, the front panel further comprises a ditch which is formed above the first auxiliary electrode or the 
first and second auxiliary electrodes in the first dielectric layer. The first dielectric layer may comprise upper and lower 
dielectric layers having different dielectric constants, and the ditch is formed to expose the lower dielectric layer lying 

50 below the upper dielectric layer. 

[0028] The first and/or second grove may be formed immediately above a barrier rib. 

[0029] According to another aspect of the present invention, there is provided a PDP including a front panel on which 
an image is displayed, the front panel comprising a plurality of sustain electrodes, a plurality of bus electrodes, a first 
dielectric layer covering the plurality of sustain electrodes and bus electrodes, and a protective layer; a rear panel 
55 which is separated from the front panel and. hermetically sealed to the front panel, the rear panel comprising a plurality 
of data lines, a second dielectric layer covering the plurality of data lines, barrier ribs, and a fluorescent layer; and a 
plasma forming gas which exists between the front and rear panels. Here, at least one of the plurality of sustain elec- 
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trodes comprises a main electrode, which is used to sustain discharge, and an auxiliary electrode, which has a high 
resistance and Is used to start the discharge. The auxiliary electrode Is connected to the main electrode such that at 
(east part of the auxiliary electrode exists between two facing sustain electrodes. 

[0030] Preferably, the auxiliary electrode is connected to an end of the main electrode such that the entire auxiliary 
5 electrode is disposed between the two facing sustain electrodes. 

[0031] A ditch may be formed to a predetermined depth in the first dielectric layer Immediately above the auxiliary 
electrode. The first dielectric layer may be formed by sequentially forming lower and upper dielectric layers having 
different dielectric constants, and the ditch is formed to expose the lower dielectric layer lying below the upper dielectric 
layer. 

to [0032] Preferably, a groove in which the auxiliary electrode is disposed is formed in the main electrode. The groove 
may be formed immediately above a barrier rib. 

[0033] According to still another aspect of the present invention, there is provided a method of manufacturing a PDP 
including a front panel having a front glass substrate, a plurality of sustain electrodes, a plurality of bus electrodes, 
and a first dielectric layer covering the plurality of sustain electrodes and bus electrodes, and a protective layer; a rear 

is panel which is separated from the front panel and hermetically sealed to the front panel, the rear panel having a rear 
glass substrate, a plurality of data lines, a second dielectric layer covering the plurality of data lines, barrier ribs, and 
a fluorescent layer; and a plasma forming gas which exists between the front and rear panels. The method comprises 
forming the sustain electrodes such that each sustain electrode faces another sustain electrode with a double gap 
which allows discharge to be provoked at a low voltage without decreasing discharge efficiency between the two facing 

20 sustain electrodes and allows low-vortage discharge to stop after the start of discharge. 

[0034] Preferably, forming the sustain electrodes having the double gap therebetween comprises forming a trans- 
parent electrode material layer for forming the sustain electrodes on a surface of the front glass substrate, which faces 
the rear glass substrate panel, depositing a photoresist layer on the transparent electrode material layer, patterning 
the photoresist layer to have the same pattern as the sustain electrodes, thereby forming a photoresist layer pattern 

25 having a double gap, etching the transparent electrode material layer using the photoresist layer pattern as an etch 
mask, and removing the photoresist layer pattern. 

[0035] Preferably, at least one of the two facing sustain electrodes Is formed to comprise a main electrode which Is 
used to sustain a discharge after the discharge is started, and an auxiliary electrode which has a high resistance and 
is used to start the discharge. The main and auxiliary electrodes are integrally and simultaneously formed. Preferably, 

30 a groove Is formed in the main electrode, and the auxiliary electrode is formed in the groove. Preferably, the auxiliary 
electrode is formed at an end of the main electrode such that the auxiliary electrode is disposed between the two facing 
sustain electrodes. Preferably, the auxiliary electrode comprises a body which Is formed within the groove, and an end 
portion which Is extended from the body out of the groove to be disposed between the two facing sustain electrodes. 
The body alternates back and forth in a horizontal plane or a vertical plane. Preferably, the end portion is parallel with 

35 or perpendicular to bus electrodes formed on the two facing sustain electrodes, respectively, or has a pointed shape. 
Preferably, an entrance of the groove is narrower than the inside of the groove. 

Preferably, the auxiliary electrode is formed in each of the two facing sustain electrodes such that the auxiliary elec- 
trodes In the respective two facing sustain electrodes are vertically or diagonally symmetric. 

[0036] Preferably, the method further comprises forming a ditch in the first dielectric layer immediately above the 
*o double gap. The first dielectric layer may be formed by sequentially stacking a lower dielectric layer and an upper 
dielectric layer having different dielectric constants, and the ditch is formed to expose the lower dielectric layer lying 
below the upper dielectric layer. 

[0037] The groove may be formed immediately above a barrier rib. 

[0038] According to the present invention, a pressure (partial pressure) of a plasma forming gas used in a PDP is 
45 maintained high, like in the conventional PDP, and a discharge voltage is remarkably lowered compared to the con- 
ventional PDP. 

[0039] The above and other features and advantages of the present invention will become more apparent by de- 
scribing In detail preferred embodiments thereof with reference to the attached drawings In which: 

50 FIG. 1 is a perspective view of a conventional plasma display panel (PDP); 

FIG. 2 Is a perspective view showing sustain electrodes and bus electrodes, which are elements of the conventional 
PDP shown In FIG. 1; 

FIG. 3 Is a graph of paschen curves showing changes in a discharge voltage with respect to a gap between sustain 
electrodes and a pressure of a plasma forming gas in a PDP; 
55 FIG. 4 is a perspective view showing sustain electrodes having a double gap and bus electrodes formed on the 

sustain electrodes, respectively, in a PDP according to a first embodiment of the present invention; 
FIGS. 5 through 12 are plane view showing sustain electrodes having a double gap and bus electrodes formed 
on the sustain electrodes, respectively, in PDPs according to second through ninth embodiments, respectively, of 
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the present Invention; 

FIG. 13 Is a circuit diagram showing an equivalent circuit of each of sustain electrodes having a double gap In a 
PDP, according to an embodiment of the present Invention; and 

FIGS. 14 and 15 are cross-sections illustrating characteristics of an upper plate including sustain electrodes and 
5 bus electrodes of a PDP according to a tenth embodiment of the present invention; 

FIG. 16 is a graph showing the results of experiments performed to compare PDP's sustain voltage-efficiency 
characteristics of conventional technology and an embodiment of the present invention; 

FIG. 17 Is a graph showing the results of experiments performed to compare PDP's sustain voltage-brightness 

characteristics of conventional technology and an embodiment of the present invention; 
10 FIG. 18 is a graph showing the results of experiments performed to compare PDP's sustain voltage-efficiency 

characteristics of conventional technology and the ninth embodiment of the present Invention; 

FIG. 19 is a graph showing the results of experiments performed to compare PDP's sustain voltage -brightness 

characteristics of conventional technology and the ninth embodiment of the present invention; j 

FIG. 20A Is a cross-section of the conventional PDP shown in FIG. 1 ; 
is FIG. 20B Is an equivalent circuit diagram showing capacitance distribution before discharge of the PDP shown in 

FIG. 20A; 

FIG. 20C Is an equivalent circuit diagram showing capacitance distribution after commencement of discharge of 
the PDP shown In FIG. 20 A; 

FIG. 21 A is a cross-section of the PDP according to the tenth embodiment of the present invention; 
20 FIG. 21 B is an equivalent circuit diagram showing capacitance distribution before discharge of the PDP shown in 

FIG. 21A; 

FIG. 21 C Is an equivalent circuit diagram showing capacitance distribution after commencement of discharge of 
the PDP shown In FIG. 21 A; 

FIGS. 22 and 23 are cross-sections of first and second simulated PDPs, respectively, used in a simulation per- 
25 formed to inspect influence of a gap between sustain electrodes upon a discharge voltage; 

FIGS. 24 and 25 are cross-sections of third and fourth simulated PDPs of conventional technology and the tenth 
embodiment of the present Invention, respectively; and. 

FIG. 26 is a flowchart of a method of manufacturing sustain electrodes in the PDP shown In FIG. 4. 

30 [0040] Hereinafter, preferred embodiments of the present invention will be described in detail with reference to the 
attached drawings. In the drawings, the thickness of layers and regions are exaggerated for clarity. 
[0041 J In FIG. 3, a reference character G1 denotes a first paschen curve obtained when a plasma forming gas is 
composed of a single component, and a reference character G2 denotes a second paschen curve obtained when a 
plasma forming gas is a mixed gas. 

35 [0042] Referring to the first and second paschen curves G1 and G2, it can be inferred that when a plasma forming 
gas is a mixed gas, as well as when It is a single gas, a voltage when a product Pd of a pressure P of a plasma forming 
gas (hereinafter, referred to as a gas pressure P) and a gap "d" between sustain electrodes is 1 is a minimum discharge 
start voltage (V f )m in. 

[0043] A discharge start voltage V f is given by Formula (2). 

40 

» BPd (2) 



45 



SO 



■ 1 K + lnPd 

[0044] Here, B is a constant, and K is given by Formula (3). 



K = ln 



ln(l + i) 
Y 



..(3) 



55 [0045] Here, y is a secondary electron emission coefficient, which is determined in accordance with a material of the 
sustain electrodes. 

[0046] A minimum Pd value Pd mIn and the minimum discharge start voltage (V f )min are given by Formulae (4) and 
(5), respectively. 



5 



EP 1 435 638 A2 



[0047] Here, a e" is a natural logarithm, and A Is a constant. 

5 

(V f ) m , n = e|ln(1 + 1) (5) 

[0048] Generally, the condition Pd=1 is satisfied by decreasing the gap N d" between sustain electrodes and increasing 
10 the gas pressure P or by increasing the gap "d" and decreasing the gas pressure P. 

[0049] When decreasing the gap "d" between sustain electrodes and increasing the gas pressure P, a sputter rate 
(SR) at the surface of a protective layer (e.g., a MgO layer) can be decreased according to Formula (1) because the 
gas pressure P is high, but brightness or efficiency is rapidly decreased due to a decrease in the gap "d" between 
sustain electrodes. 

15 [0050] Conversely, when increasing the gap "d" and decreasing the gas pressure P, the problem occurring in the 
above situation can be overcome because the gap "d" between sustain electrode is wide, but the SR at the surface of 
the protective layer rapidly increases because the gas pressure P is low. 

[0051 ] Accordingly, in conventional PDPs, the gas pressure Pissethighandthe gap "d" between sustain electrodes 
is set to a proper value, which prevents brightness or efficiency from excessively decreasing, in order to lower the SR 
20 at the surface of a protective layer. As a result, the PD value exceeds 1 . For example, the PD value becomes 3 through 
4. However, when the PD value exceeds 1 , a discharge start voltage is greater than the minimum discharge start 
voltage (V f )min, as shown in FIG. 3. 

[0052] Accordingly, in order to lower the SR at the surface of a protective layer, the present invention provides a PDP 
including a sustain electrode for alleviating the problem, which occurs when the gap M d" between sustain electrodes 
25 decreases, by increasing the gas pressure P and decreasing the gap "d" between sustain electrodes and for maintaining 
the Pd value close to 1 . 

[0053] Since a PDP according to the present invention is characterized by a sustain electrode, the description of the 
invention is concentrated on a sustain electrode, and variously modified sustain electrodes, which can accomplish the 
objectives of the present invention, will be disclosed. 
30 [0054] A sustain electrode used in a PDP according to a first embodiment of the present invention will be described 
in detail with reference to FIG. 4. FIG. 4 is a perspective view of a structure, in which sustain electrodes are combined 
with bus electrodes in a PDP according to the first embodiment of the present invention, the structure viewed from the 
below of a front glass substrate. 

[0055] In FIG. 4, reference numeral 40 and 42 denote first and second sustain electrodes, respectively, which are 

35 used to sustain a discharge after the start of the discharge. A predetermined gap g2 exists between the first and second 
sustain electrodes 40 and 42. Reference numerals 44 and 46 denote first and second bus electrodes, respectively, 
which are formed on the respective first and second sustain electrodes 40 and 42 in parallel with each other. The first 
and second bus electrodes 44 and 46 are parallel with the respective first and second sustain electrodes 40 and 42. 
A first groove 48 having a predetermined depth is formed In the first sustain electrode 40, and a second groove 50 

40 having a predetermined depth is formed in the second sustain electrode 42. The first and second grooves 48 and 50 
are positioned to face each other and preferably have the same depth. However, the depths of the first and second 
grooves 48 and 50 may be different. For example, while the first groove 48 is formed from the bottom of the first sustain 
electrode 42 to the right below of the first bus electrode 44, as shown in FIG. 4, the second groove 50 may be formed 
from the bottom of the second sustain electrode 42 to a certain position between the bottom of the second sustain 

45 electrode 42 and the second bus electrode 46. A first resistance element Is formed In the first groove 48, and a second 
resistance element is formed in the second groove 50. The first resistance element is composed of a body 52a, of 
which one end is connected to the bottom of the first groove 48 and of which the other end extends out of the first 
groove 48, and an end portion 52b, which is connected to the other end of the body 52a. The body 52a of the first 
resistance element alternates back and forth in a horizontal plane or a vertical plane. The first resistance element is a 

50 part of the first sustain electrode 40 and is integrated therewith. The first resistance element is formed to be parallel 
with the first sustain electrode 40. The first resistance element is connected to the bottom of the first groove 48 and 
extends out of the first sustain electrode 40 toward the second sustain electrode 42, spaced a predetermined distance 
apart from both sides of the first groove 48. Accordingly, the end portion 52b of the first resistance element is positioned 
between the first and second sustain electrodes 40 and 42. Consequently, the first resistance element is closer to the 

55 second sustain electrode 42 than to the first sustain electrode 40. The first resistance element is formed while the first 
groove 48 is formed in the first sustain electrode 40, so the body 52a is parallel with the first sustain electrode 40. For 
the same reason, the end portion 52b of the first resistance element Is parallel with the first sustain electrode 40. 
However, the end portion 52b is perpendicularly connected to the body 52a and thus parallel with the bottom of the 
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first groove 48 or a side of the first sustain electrode 40 that faces the second sustain electrode 42. The end portion 
52b has a predetermined length. It is preferable that the first resistance element Is made of the same material as the 
first sustain electrode 40. However, the first resistance element may be made of a different material from the first sustain 
electrode 40, when necessary. 

5 [0056] The structure and details of the second resistance element formed In the second groove 50 are the same as 
those of the first resistance element, and thus detailed description thereof will be omitted. 

[0057] Like the first resistance element, the second resistance element is composed of a body 54a and an end portion 
54b. The end portion 54b of the second resistance element is positioned between the first and second sustain electrodes 
40 and 42 and is parallel with the end portion 52b of the first resistance element. As shown in FIG. 4, since the end 

10 portions 52b and 54b are positioned between the first and second sustain electrodes 40 and 42, a gap g3 between 
the end portions 52b and 54b is less than a gap g2 between the first and second sustain electrodes 40 and 42 (g3 
<g2). Consequently, a double gap exists between the first and second sustain electrodes 40 and 42. 
[0058] As described above, since the gap g3 between the first and second resistance elements is less than the gap 
g2 between the first and second sustain electrodes 40 and 42, a discharge start voltage In a PDP according to the 

15 present invention Is lowered compared to the conventional PDP. Since the first and second resistance elements have 
much greater resistance than the first and second sustain electrodes 40 and 42, immediately after the start of a dis- 
charge, current is supplied mostly through the first and second sustain electrodes 40 and 42 except for the first and 
second resistance element. As a result, a discharge having started between the first and second resistance element 
is spread between the first and second sustain electrodes 40 and 42. The discharge spread between the first and 

20 second sustain electrodes 40 and 42 Is sustained at the same voltage as the discharge start voltage. When wall charges 
are used, a sustain voltage can be sustained lower than the discharge start voltage. 

[0059] Simulations of the following two cases were carried out in order to prove the theory that a discharge start 
voltage decreases when a PDP Is provided with the first and second sustain electrodes 40 and 42 shown in FIG. 4. 
The simulations will be later described in detail. 
25 [0060] It is preferable that the percentage of Xe in the mixed gas of Ne and Xe is 4-22% in a PDP according to 
embodiments of the present invention. 

[0061 ] The following description concerns sustain electrodes, which are used In a PDP having the above-described 
characteristics according to second through ninth embodiments of the present invention. 

[0062] While the sustain electrodes 40 and 42 in a PDP according to the first embodiment of the present invention 
30 are illustrated in three dimensions in FIG. 4, the sustain electrodes in PDPs according to the second through ninth 
embodiments of the present invention are illustrated in two dimensions, that is, they are illustrated on a plane. Sustain 
electrodes In PDPs of the second through ninth embodiments of the present invention are based on the sustain elec- 
trodes 40 and 42, as shown in FIG. 4, in a PDP of the first embodiment. Although the sustain electrodes in the second 
through ninth embodiments are illustrated on a plane, their three-dimensional shapes can be easily inferred with ref- 
35 erence to FIG. 4. 

[0063] In FIG. 4 through 11 , the same reference numeral denotes the same members. 

[0064] Referring to FIG. 5, the first and second sustain electrodes 40 and 42 used in a PDP according to the second 
embodiment of the present Invention include a third resistance'element in the first groove 48 and a fourth resistance 
element in the second groove 50, respectively. The third resistance element is composed of a body 60a and an end 
40 portion 60b extending out of the first groove 48. The fourth resistance element is also composed of a body 62a and 
an end portion 62b. 

[0065] In comparison of FIGS. 4 and 5, the bodies 60a and 62a of the respective third and fourth resistance elements 
are the same as the body 52a of the first resistance element, but the end portions 60b and 62b of the respective third 
and fourth resistance elements are different from the end portion 52b of the first resistance element. 

45 [0066] More specifically, the end portion 60b of the third resistance element is parallel with the end portion 62b of 
the fourth resistance element between the first and second sustain electrodes 40 and 42. However, the end portions 
60b and 62b are parallel with each other in a direction perpendicular to the end portions 52b and 54b of the respective 
first and second resistance elements so that the end portions 60b and 62b are parallel with the sides of the first and 
second grooves 48 and 50. In addition, the end portion 60b of the third resistance element is positioned on one side 

so of the first groove 48, and the end portion 62b of the fourth resistance element is positioned on the other side of the 
first groove 48, so that the end portions 60b and 62b face each other. The end portions 60b and 62b have a predeter- 
mined length, which Is preferably less than the gap g2 between the first and second sustain electrodes 40 and 42. In 
addition, it is preferable that the end portion 60b of the third resistance element is possibly close to the second sustain 
electrode 42. For example, the end portion 60b of the third resistance element has a length of 20|x through a length 

55 less than the gap g2 between the first and second sustain electrodes 40 and 42. It is also preferable that the end portion 
62b of the fourth resistance element is possibly close to the first sustain electrode 40. it is more preferable that a 
horizontal gap between the end portions 60b and 62b is less than the gap g2 between the first and second sustain 
electrodes 40 and 42. 
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[0067] Referring to FIG. 6, the first and second sustain electrodes 40 and 42 used In a PDP according to the third 
embodiment of the present Invention Include a fifth resistance element in the first groove 48 and a sixth resistance 
element in the second groove 50, respectively. The fifth resistance element is composed of a body 64a and an end 
portion extending out of the first groove 48. The sixth resistance element is also composed of a body 66a and an end 

s portion extending out of the second groove 50. The bodies 64a and 66a of the respective fifth and sixth resistance 
elements are the same as the body 52a of the first resistance element. The end portion of the fifth resistance element 
is composed of a horizontal part 64c, which is perpendicularly connected to the body 64a and is parallel with the bottom 
of the first groove 48, and a protrusion 64b, which has a pointed shape facing the sixth resistance element. 
[0068] Likely the first through fourth resistance elements, the fifth resistance element is simultaneously formed while 

to the first groove 48 is formed in the first sustain electrode 40, so the body 64, the horizontal part 64c, and the protrusion 
64b are Integrally formed. However, for clarity, these are dlstlnguishably Illustrated in FIG. 6. 

[0069] The end portions of the respective fifth and sixth resistance elements are vertically symmetric. A horizontal 
part 66c of the sixth resistance element corresponds to the horizontal part 64c of the fifth resistance element, and a 
protrusion 66b corresponds to the protrusion 64b. A predetermined gap g4 exists between the protrusions 64b and 

*5 66b. It is preferable that the gap g4 between the protrusions 64b and 66b is less than the gap g2 between the first and 
second sustain electrodes 40 and 42. For example, the gap g4 is preferably about 20 urn and appropriately about 40 ^m. 
[0070] Referring to FIG. 7, the first and second sustain electrodes 40 and 42 used In a PDP according to the fourth 
embodiment of the present Invention Include the first and second grooves 48 and 50, respectively, on one sides, not 
at the centers like in the first through third embodiments. 

20 [0071] More specifically, in FIG. 7, reference numerals 80 and 82 denote first and second barrier ribs, which are 
formed on a rear glass substrate (12 In FIG. 1) and define a cell within a pixel. The first and second grooves 46 and 
50 Included in the first and second sustain electrodes 40 and 42, respectively, are positioned near the first barrier rib 
80. A seventh resistance element is Integrally formed with the first sustain electrode 40 In the first groove 48, and an 
eighth resistance element is integrally formed with the second sustain electrode 42 In the second groove 50. 

25 The seventh and eighth resistance elements are the same as the first and second resistance elements, respectively. 
Accordingly, a body 68a and an end portion 68b of the seventh resistance element correspond to the body 52a and 
the end portion 52b of the first resistance element, and a body 70a and an end portion 70b of the eighth resistance 
element correspond to the body 54a and the end portion 54b of the second resistance element. 
[0072] Referring to FIG. 8, like In the fourth embodiment, the first and second sustain electrodes 40 and 42 used In 

30 a PDP according to the fifth embodiment of the present invention Include the first and second groove 48 and 50, 
respectively, near the first barrier rib 80. Ninth and tenth resistance elements 76 and 78 are formed in the first and 
second grooves 48 and 50, respectively. The ninth and tenth resistance elements 76 and 78 are the same as the third 
and fourth resistance elements, respectively, described in the second embodiment. Other features of the fifth embod- 
iment are the same as those of the fourth embodiment. 

35 [0073] FIG. 9 shows third and fourth sustain electrodes 90 and 92 used in a PDP according to the sixth embodiment 
of the present invention. Referring to FIG. 9, the third and fourth sustain electrodes 90 and 92 are different from the 
first and second sustain electrodes 40 and 42 described above. 

[0074] More specifically, the third sustain electrode 90 is composed of a body 90a and protrusion 90b in an upside 
down T shape. The body 90a has a predetermined with w1 between the first and second barrier ribs 80 and 82 so that 

to an enough space to form a resistance element therewith in exists between the body 90a and each of the first and second 
barrier ribs 80 and 82. The protrusion 90b Is extended from an end of the body 90a facing the fourth sustain electrode 
92 In opposite directions to be parallel with the first bus electrode 44. The protrusion 90b Is separated from each or 
the first and second barrier ribs 80 and 82 by a predetermined gap w2, which is less than a gap w3 between the body 
and each of the first and second barrier ribs 80 and 82. The fourth sustain electrode 92 is formed to face the third 

45 sustain electrode 90. The predetermined gap g2 exists between the third and fourth sustain electrodes 90 and 92. The 
fourth sustain electrode 92 is composed of a body 92a and protrusion 92b in a T shape. The third and fourth sustain 
electrodes 90 and 92 are vertically symmetric. Accordingly, a width of the body 92a of the fourth sustain electrode 92 
Is the same as the width w1 of the body 90a of the third sustain electrode 90. A gap between the body 92 and each of 
the first and second barrier ribs 80 and B2 is the same as the gap w3 between the body 90a and each of the first and 

so second barrier ribs 80 and 82. In addition, a gap between the protrusion 92b of the fourth sustain electrode 92 and 
each of the first and second barrier ribs 80 and 82 Is the same as the gap w2 between the protrusion 90b of the third 
sustain electrode 90 and each of the first and second barrier ribs 80 and 82. 

An eleventh resistance element 94 is composed of a body 94a and an end portion 94b and is integrally formed with 
the third sustain electrode 90 between the third sustain electrode 90 and the first barrier rib 80. A twelfth resistance 
55 element 96 is composed of a body 96a and an end portion 96b and is integrally formed with the fourth sustain electrode 
92 between the fourth sustain electrode 92 and the first barrier rib 80. The eleventh resistance element 94 may be 
disposed between the third sustain electrode 90 and the second barrier rib 82. The twelfth resistance element 96 may 
be disposed between the fourth sustain electrode 92 and the second barrier rib 82. The body 94a of the eleventh ' 
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resistance element 94 is disposed between the body 90a of the third sustain electrode 90 and the first barrier rib 80. 
The end portion 94b of the eleventh resistance element 94 Is extended from the body 94a, runs through a space 
between the first barrier rib 80 and the protrusion 90b of the third sustain electrode 90 and Is extended between the 
third and fourth sustain electrodes 90 and 92. The end portion 94b is parallel with the protrusion 90b of the third sustain 

5 electrode 90. The eleventh and twelfth resistance elements 94 and 96 are vertically symmetric. Accordingly, the end 
portion 96b of the twelfth resistance element 96 is parallel with the end portion 94b of the eleventh resistance element 
94 between the third and fourth sustain electrodes 90 and 92. As a result, the gap g4 between the end portion 94b of 
the eleventh resistance element and the end portion 96b of the twelfth resistance element Is less than the gap g2 
between the third and fourth sustain electrodes. 

10 [0075] Referring to FIG. 10, In a PDP according to the seventh embodiment of the present invention, the third and 
fourth sustain electrodes 90 and 92 are used as main electrodes, and thirteenth and fourteenth resistance elements 
1 00 and 1 02 are used as auxiliary electrodes. The thirteenth resistance element 1 00 is composed of a body 100a and 
an end portion 1 00b and is integrally formed with the third sustain electrode 90 between the first barrier rib 80 and the 
third sustain electrode 90. The fourteenth resistance element 102 Is composed of a body 102a and an end portion 

15 102b and is integrally formed with the fourth sustain electrode 92 between the second barrier rib 82 and the fourth 
sustain electrode 92. The body 100a of the thirteenth resistance element 1 00 alternates back and forth In a horizontal 
plane or a vertical plane and Is parallel with the third sustain electrode 90. One end of the body 1 00a Is connected to 
thethlrd sustain electrode 90. The end portion 100b of the thirteenth resistance element 1 00 Is extended from the other 
end of the body 1 00a, runs through a space between the protrusion 90b of the third sustain electrode 90 and the first 

20 barrier rib 80 and is extended between the third and fourth sustain electrodes 90 and 92. The end portion 1 00b of the 
thirteenth resistance element 1 00 is parallel with a side of the third sustain electrode 90, which faces the fourth sustain 
electrode 92. It is preferable that the length of the end portion 1 00b Is the same of the length of the side of the third 
sustain electrode 90 that faces the fourth sustain electrode 92. The body 102a of the fourteenth resistance element 
1 02 alternates back and forth in a horizontal plane or a vertical plane and is parallel with the fourth sustain electrode 

25 92. One end of the body 102a is connected to the fourth sustain electrode 92. The end portion 102b of the fourteenth 
resistance element 1 02 is extended from the other end of the body 1 02a, runs through a space between the protrusion 
92b of thefourth sustain electrode 92 and the second barrier rib 82 and is extended between the third and fourth sustain 
electrodes 90 and 92. The fourteenth resistance element 102 may be disposed between the fourth sustain electrode 
92 and the first barrier rib 80. It is preferable that the shape of the body 1 02a of the fourteenth resistance element 1 02 

30 is the same as that of the body 100a of the thirteenth resistance element 100, but they may be different. The end 
portion 102b of the fourteenth resistance element 102 is parallel with the end portion 1 00b of the thirteenth resistance 
element 100. Since the end portions 100b and 102b of the respective thirteenth and fourteenth resistance elements 
1 00 and 1 02 exist between the third and fourth sustain electrodes 90 and 92, a gap g5 between the two end portions 
1 00b and 102b is less than the gap g2 between the third and fourth sustain electrodes 90 and 92. 

35 [0076] Referring to FIG. 11, in a PDP according to the eighth embodiment of the present invention, fifteenth and 
sixteenth resistance elements 114 and 11 6are respectively disposed at the centers of fifth and sixth sustain electrodes 
1 1 0 and 1 1 2 such that the fifth and sixth sustain electrodes 110 and 1 1 2 surround the fifteenth and sixteenth resistance 
elements 114 and 116, respectively. 

[0077] More specifically, a third groove 110a Is formed at the center of the fifth sustain electrode 110, and a fourth 

40 groove 112a is formed at the center of the sixth sustain electrode 112. Entrances 110b and 112b of the respective third 
and fourth grooves 110a and 112a are narrower than the third and fourth grooves 110a and 112a. The fifteenth and 
sixteenth resistance elements 114 and 116 exist In the third and fourth grooves 110a and 112a, respectively. The 
fifteenth resistance element 1 1 4 is composed of a body 1 1 4a and an end portion 1 1 4b extending out of the third groove 
1 10a. The sixteenth resistance element 1 1 6 is composed of a body 1 1 6a and an end portion 1 1 6b extending out of the 

45 fourth groove 112a. The end portions 114b and 116b are parallel with each other between the fifth and sixth sustain 
electrodes 110 and 112 and also parallel with the fifth and sixth sustain electrodes 110 and 112. Since the end portions 
1 14b and 11 6b exist between the fifth and sixth sustain electrodes 1 10 and 112, which are separated by the same gap 
as the gap g2 between the first and second sustain electrodes 40 and 42, a gap g6 between the end portions 114b 
and 11 6b is less than the gap g2 between the fifth and sixth sustain electrodes 110 and 112. 

50 [0076] Referring to FIG. 1 2, a PDP according to the ninth embodiment of the present invention includes seventh and 
eighth sustain electrodes 150 and 152 as main electrodes which are spaced with a predetermined gap to be parallel 
with each other. The seventh sustain electrode 150 includes the first bus electrode 44, and the eighth sustain electrode 
152 include the second bus electrode 46. The seventh sustain electrode 150 also includes a plurality of seventeenth 
resistance elements 154 as auxiliary electrodes. The eighth sustain electrode 152 also includes as many eighteenth 

55 resistance elements 156 as the number of the seventeenth resistance elements 154 as auxiliary electrodes. A gap 
between the resistance elements 154 or 156 in each of the seventh and eighth sustain electrodes is much wider than 
a gap between a seventeenth resistance element 154 and a corresponding eighteenth resistance element 156. The 
gap between the seventeenth and eighteenth resistance elements 154 and 156 is narrower than a gap between the 
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resistance element 94 is disposed between the body 90a of the third sustain electrode 90 and the first barrier rib 80. 
The end portion 94b of the eleventh resistance element 94 Is extended from the body 94a, runs through a space 
between the first barrier rib 80 and the protrusion 90b of the third sustain electrode 90 and is extended between the 
third and fourth sustain electrodes 90 and 92. The end portion 94b Is parallel with the protrusion 90b of the third sustain 

5 electrode 90. The eleventh and twelfth resistance elements 94 and 96 are vertically symmetric. Accordingly, the end 
portion 96b of the twelfth resistance element 96 is parallel with the end portion 94b of the eleventh resistance element 
94 between the third and fourth sustain electrodes 90 and 92. As a result, the gap g4 between the end portion 94b of 
the eleventh resistance element and the end portion 96b of the twelfth resistance element is less than the gap g2 
between the third and fourth sustain electrodes. 

10 [0075] Referring to FIG. 10, In a PDP according to the seventh embodiment of the present invention, the third and 
fourth sustain electrodes 90 and 92 are used as main electrodes, and thirteenth and fourteenth resistance elements 
1 00 and 1 02 are used as auxiliary electrodes. The thirteenth resistance element 1 00 is composed of a body 100a and 
an end portion 1 00b and is integrally formed with the third sustain electrode 90 between the first barrier rib 80 and the 
third sustain electrode 90. The fourteenth resistance element 102 is composed of a body 102a and an end portion 

is 102b and is integrally formed with the fourth sustain electrode 92 between the second barrier rib 82 and the fourth 
sustain electrode 92. The body 1 00a of the thirteenth resistance element 1 00 alternates back and forth in a horizontal 
plane or a vertical plane and is parallel with the third sustain electrode 90. One end of the body 1 00a is connected to 
the third sustain electrode 90. The end portion 100b of the thirteenth resistance element 100 Is extended from the other 
end of the body 1 00a, runs through a space between the protrusion 90b of the third sustain electrode 90 and the first 

20 barrier rib 80 and is extended between the third and fourth sustain electrodes 90 and 92. The end portion 1 00b of the 
thirteenth resistance element 1 00 is parallel with a side of the third sustain electrode 90, which faces the fourth sustain 
electrode 92. It is preferable that the length of the end portion 100b Is the same of the length of the side of the third 
sustain electrode 90 that faces the fourth sustain electrode 92. The body 102a of the fourteenth resistance element 
1 02 alternates back and forth In a horizontal plane or a vertical plane and Is parallel with the fourth sustain electrode 

25 92. One end of the body 1 02a is connected to the fourth sustain electrode 92. The end portion 1 02b of the fourteenth 
resistance element 102 is extended from the other end of the body 102a, runs through a space between the protrusion 
92b of the fourth sustain electrode 92 and the second barrier rib 82 and Is extended between the third and fourth sustain 
electrodes 90 and 92. The fourteenth resistance element 102 may be disposed between the fourth sustain electrode 
92 and the first barrier rib 80. It Is preferable that the shape of the body 1 02a of the fourteenth resistance element 1 02 

30 is the same as that of the body 100a of the thirteenth resistance element 100, but they may be different. The end 
portion 102b of the fourteenth resistance element 102 is parallel with the end portion 100b of the thirteenth resistance 
element 100. Since the end portions 1 00b and 102b of the respective thirteenth and fourteenth resistance elements 
1 00 and 1 02 exist between the third and fourth sustain electrodes 90 and 92, a gap g5 between the two end portions 
100b and 102b Is less than the gap g2 between the third and fourth sustain electrodes 90 and 92. 

35 [0076] Referring to FIG. 11, In a PDP according to the eighth embodiment of the present invention, fifteenth and 
sixteenth resistance elements 114 and 1 1 6are respectively disposed at the centers of fifth and sixth sustain electrodes 
1 1 0 and 1 1 2 such that the fifth and sixth sustain electrodes 110 and 1 1 2 surround the fifteenth and sixteenth resistance 
elements 114 and 116, respectively. 

[0077] More specifically, a third groove 110a is formed at the center of the fifth sustain electrode 110, and a fourth 

40 groove 11 2a is formed at the center of the sixth sustain electrode 112. Entrances 110b and 112b of the respective third 
and fourth grooves 110a and 112a are narrower than the third and fourth grooves 110a and 112a. The fifteenth and 
sixteenth resistance elements 114 and 116 exist In the third and fourth grooves 110a and 112a, respectively. The 
fifteenth resistance element 1 1 4 is composed of a body 1 1 4a and an end portion 1 1 4b extending out of the third groove 
1 1 0a. The sixteenth resistance element 1 1 6 is composed of a body 1 1 6a and an end portion 1 1 6b extending out of the 

45 fourth groove 112a. The end portions 114b and 116b are parallel with each other between the fifth and sixth sustain 
electrodes 110 and 112 and also parallel with the fifth and sixth sustain electrodes 1 1 0 and 112. Since the end portions 
1 14b and 11 6b exist between the fifth and sixth sustain electrodes 1 10 and 112, which are separated by the same gap 
as the gap g2 between the first and second sustain electrodes 40 and 42, a gap g6 between the end portions 114b 
and 116b is less than the gap g2 between the fifth and sixth sustain electrodes 110 and 112. 

50 [0078] Referring to FIG. 12, a PDP according to the ninth embodiment of the present invention includes seventh and 
eighth sustain electrodes 150 and 152 as main electrodes which are spaced with a predetermined gap to be parallel 
with each other. The seventh sustain electrode 150 includes the first bus electrode 44, and the eighth sustain electrode 
152 include the second bus electrode 46. The seventh sustain electrode 150 also includes a plurality of seventeenth 
resistance elements 154 as auxiliary electrodes. The eighth sustain electrode 152 also includes as many eighteenth 

55 resistance elements 156 as the number of the seventeenth resistance elements 154 as auxiliary electrodes. A gap 
between the resistance elements 154 or 156 in each of the seventh and eighth sustain electrodes is much wider than 
a gap between a seventeenth resistance element 154 and a corresponding eighteenth resistance element 156. The 
gap between the seventeenth and eighteenth resistance elements 154 and 156 is narrower than a gap between the 
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seventh and eighth sustain electrodes 1 50 and 1 52. The seventh sustain electrode 150 includes fifth grooves 1 50a In 
which the seventeenth resistance elements 1 54 are respectively disposed to contact the bottoms of the fifth grooves 
150a. Similarly, the eighth sustain electrode 152 Includes sixth grooves 152a In which the eighteenth resistance ele- 
ments 156 are respectively disposed to contact the bottoms of the sixth grooves 152a. Each of the seventeenth and 

s eighteenth resistance elements 154 and 156 includes a horizontal part having a predetermined length and a vertical 
part having a predetermined length. The horizontal part of each seventeenth resistance element 154 Is parallel with 
the horizontal part of a corresponding eighteenth resistance element 156. The gap between the seventeenth and 
eighteenth resistance elements 154 and 156 corresponds to a gap between the horizontal parts of the seventeenth 
and eighteenth resistance elements 154 and 156, In each of the resistance elements 154 and 156, one end of the 

10 vertical part Is connected to the center of the horizontal part, and the other end of the vertical part is connected to the 
bottom of a corresponding groove. The horizontal parts of the respective seventeenth and eighteenth resistance ele- 
ments 1 54 and 1 56 protrude from the ends of the seventh and eighth sustain electrodes 1 50 and 1 52 by a predetermined 
thickness. A step difference exists in the inner walls of the fifth and sixth grooves 150a and 152a. The step difference 
occurs because the width of the fifth and sixth grooves 150a and 152a is wider at the entrance thereof than at the 

is inside thereof. The entrance of the fifth and sixth grooves 150a and 152a is widerthan the inside thereof because the 
length of the horizontal parts of the seventeenth and eighteenth resistance elements 154 and 156 is greater than the 
diameter of the Insldes of the fifth and sixth grooves 150a and 1 52a. The vertical parts of the seventeenth and eighteenth 
resistance elements 1 54 and 1 56 are separated from the Inner walls of the fifth and sixth grooves 1 50a and 1 52a. The 
seventeenth and eighteenth resistance elements 1 54 and 156 having the above-described characteristics correspond- 

20 jngry face first through third barrier ribs 80, 82, and 84 of the seventh and eighth sustain electrodes 150 and 152. In 
other words, the seventeenth and eighteenth resistance elements 154 and 156 are formed immediately above the first 
through third barrier ribs 80, 82, and 84. 

[0079] In the above-described embodiments, It Is preferable that a gap between a main electrode and an auxiliary 
electrode Is 1 5 jam or less. 

25 [0060] The shapes of various sustain electrodes described above in the embodiments of the present invention are 
different, but the sustain electrodes can be represented by an equivalent circuit, as shown in FIG. 13. In FIG. 13, a 
first resistance R1 denotes the resistance of the above-described resistance elements, and a second resistance R2 
denotes the resistance of the first through sixth sustain electrodes 40, 42, 90, 92, 110, and 11 2. A reference character 
It denotes a total of current, which is supplied to a sustain electrode including a resistance element, when a discharge 

30 start voltage Vs is applied. A reference character l 1 denotes current flowing across the first resistance R1, and a ref- 
erence character l 2 denotes current flowing across the second resistance R2. 

[0081] Referring to FIG. 4, which shows the first and second sustain electrodes 40 and 42 used In the PDP according 
to the first embodiment of the present invention, the first or second resistance element corresponds to thefirst resistance 
R1 In the equivalent circuit shown in FIG: 13, and the first or second sustain electrode 40 or 42 corresponds to the 
35 second resistance R2 In FIG. 13. 

[0082] The currents l 1 and l 2 shown in FIG. 13 can be expressed by Formulae (6) and (7), respectively. 



[0083] Accordingly, when appropriate values are given to the first and second resistances R1 and R2, the currents 
l 1 and l 2 flowing across thefirst and second resistances R1 and R2, respectively, can be obtained using Formulae (6) 
and (7). 

[0084] For example, when the first resistance R1 is 1 kQ and the second resistance R2 is 30 n, the current ^ flowing 
so across the first resistance R1 Is [30/(1 000-i-30)]l t according to Formula (6), and the current l 2 flowing across the second 
resistance R2 is [1 000/(1 000+30)]l t according to Formula (7). Consequently, a ratio of the current l 1 flowing across the 
first resistance R1 to the current I 2 flowing across the second resistance R2 is 3:1 00. The inference can be made from 
this fact that the current \ } flowing across the first resistance R1 , which is much greater than the second resistance R2, 
is much less than the current l 2 flowing across the second resistance R2. 
55 [0085] This result is applied to the present invention, as it is. In other words, since the resistance of the various 
resistance elements Is much greater than the resistance of the first through eighth sustain electrodes, current flowing 
across the various resistance elements Is much less than current flowing across the first through eighth sustain elec- 
trodes. 
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[0086] Accordingly, after a discharge is started at a low voltage using the resistance elements, the flow of current Is 
extremely restricted In the resistance elements, and most current flows through sustain electrodes, which have much 
less resistance than the resistance elements. 

[0087] It has been described that resistance elements are provided in the first through eighth sustain electrodes, 
5 respectively. However, when considering the functions of the first through eighth sustain electrodes and the resistance 
elements, the first through eighth sustain electrodes can be regarded as first through eighth main electrodes, and the 
first through eighteenth resistance elements can be regarded as first through eighteenth auxiliary electrodes. In this 
situation, a sustain electrode according to the present invention is composed of a main electrode and an auxiliary 
electrode. 

to [0088] The following description concerns a PDP according to a tenth embodiment of the present Invention. The 
PDP according to the tenth embodiment is different from the PDPs according to the first through ninth embodiments 
in that a ditch is formed on an upper plate of the PDP. 

[0089] Referring to FIG. 14, ninth and tenth sustain electrodes 160 and 162 are spaced with a predetermined gap 
on the front glass substrate 10 to be parallel with each other. The ninth and tenth sustain electrodes 1 60 and 1 62 are 

is main electrodes and equivalent to the sustain electrodes included in the PDPs according to the first through ninth 
embodiments. Third and fourth bus electrodes 164 and 166 are formed on the ninth and tenth sustain electrodes 160 
and 162, respectively. The third and fourth bus electrodes 1 64 and 166 are formed at the same positions as and have 
the same functions as the first and second bus electrodes 44 and 46, respectively. Reference characters 160a and 
162a denote auxiliary electrodes indicating nineteenth and twentieth resistance elements provided in the ninth and 

20 tenth sustain electrodes 1 60 and 1 62, respectively. The nineteenth and twentieth resistance elements 1 60a and 1 62a 
are equivalent to the resistance elements included in each of the PDPs according to the first through ninth embodiments. 
Thus, the shapes of the nineteenth and twentieth resistance elements 160a and 162a are schematically Illustrated. 
[0090] A dielectric layer 1 68 is formed to a predetermined thickness on the front glass substrate 1 0 so that the ninth 
and tenth sustain electrodes 160 and 162, the third and fourth bus electrodes 164 and 166, and the nineteenth and 

25 twentieth resistance elements 1 60a and 1 62a are covered with the dielectric layer 1 68. Preferably, the dielectric layer 
168 transmits incident light. A first ditch GR1 is formed to a predetermined depth in the dielectric layer 1 68. Preferably, 
the first ditch GR1 Is formed Immediately above the nineteenth and twentieth resistance elements 1 60a and 1 62a. It 
is preferable that the first ditch GR1 is formed as deep as possible but It does not expose the nineteenth and twentieth 
resistance elements 160a and 162a. In other words, it is preferable that a gap between the bottom of the first ditch 

30 GR1 and the nineteenth and twentieth resistance elements 160a and 162a Is minimized. 

[0091] When the first ditch GR1 is formed in the dielectric layer 1 68, a discharge gas may exist in the first ditch GR1 . 
Accordingly, a gap between the discharge gas and the nineteenth and twentieth resistance elements 160a and 1 62a 
is narrowed so that a discharge voltage is decreased compared to when the first ditch GR1 is not formed in the dielectric 
layer 168. In other words, since a gas in the first ditch GR1 has a lower dielectric constant than the dielectric layer 166, 

35 the Intensity of an electric field in the first ditch GR1 is greater than other portions. Accordingly, discharge can be 
provoked with a lower discharge voltage In the first ditch GR1 than in the other portions. Since a pressure within the 
PDP and the discharge gas do not change, light emission efficiency does not decrease. 

[0092] A protective layer 170 (made of MgO) is formed on the dielectric layer 168 to cover the surface of the first 
ditch GR1. 

40 [0093] The dielectric layer 1 68 preferably Includes a single layer but may Include multiple layers. For example, as 
shown in FIG. 15, the transmlssive dielectric layer 168 may include a first dielectric layer 172 and a second dielectric 
layer 1 74. It Is preferable that the first and second dielectric layers 1 72 and 1 74 are transparent. Even when the dielectric 
layer 1 68 includes the first and second dielectric layers 1 72 and 1 74, a second ditch G R2 may be formed in the dielectric 
layer 168, as shown in FIG. 15. It is preferable that the second ditch GR2 is formed at the same position as the first 

45 ditch GR1 . In addition, it is preferable that the second ditch GR2 pierces through the second dielectric layer 174 and 
exposes the first dielectric layer 1 72. It is preferable that the exposed portion of the first dielectric layer 172 is as thin 
as possible but the nineteenth and twentieth resistance elements 1 60a and 1 62a are not exposed. The protective layer 
1 70 Is formed on the second dielectric layer 1 74 to cover the surface of the second ditch GR2. it Is preferable that the 
protective layer 1 70 is made of MgO, but the protective layer 170 may be made of another material having the same 

so function as MgO. 

[0094] To prove the superiority of a PDP according to the present Invention to a conventional PDP, experiments were 
performed, and the results of the experiments are illustrated In FIGS. 16 through 19. 

[0095] in the experiments, the PDP (hereinafter, referred to as a first PDP) according to the eighth embodiment of 
the present invention shown in FIG. 11, the PDP (hereinafter, referred to as a second PDP) according to the ninth 
55 embodiment of the present invention shown in FIG. 12, and the conventional PDP (hereinafter, referred to as a third 
PDP) shown in FIG. 1 were used. A mixture gas of Ne and Xe is used as a discharge gas. 

[0096] To compare the characteristics of the first through third PDPs, the sustain voltage-efficiency characteristics 
(hereinafter, referred to as first characteristics) and the sustain voltage-brightness characteristics (hereinafter, referred 
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to as second characteristics) of the first through third PDPs were measured. 

[0097] FIG. 16 shows the results of measuring the first characteristics of the first and third PDPs. FIG. 17 shows the 
results of measuring the second characteristics of the first and third PDPs. 

[0098] In FIGS. 1 6 and 1 7, "A " and " denote cases where ratios of Xe to the discharge gas in the first PDP were 
5 1 2% and 1 0%, respectively, and "■ " denotes a case where a ratio of Xe to the discharge gas In the third PDP was 1 0%. 
[0099] Referring to FIG. 16, a discharge start voltage was 1 95 V In the third PDP but 175 V in the first PDP Including 
Xe of 10% In the discharge gas. In other words, the discharge start voltage in the first PDP is more than 10% lower 
than that in the third PDP. 

[0100] In the meantime, to measure the first characteristics of the first and third PDPs In a stable discharge state, a 
10 sustain voltage was maintained at 205 V higher than the discharge start voltage by about 1 0 V in the third PDP while 

an efficiency (Im/W) of the third PDP was measured, and the Xe ratio was raised to 12% in the first PDP and then the 

efficiency of the first PDP was measured at a sustain voltage of 202.5 V. The efficiency of the third PDP was 1 .21 0 lm/ 

W while the efficiency of the first PDP was 1 .722 Im/W at the Xe ratio of 12%. In other words, the efficiency of the first 

PDP was about 42% higher than that of the third PDP. 
15 [0101] Referring to FIG. 17, when the Xe ratio was 12% In the first PDP, there was no big difference between the 

second characteristics of the first and third PDPs. However, when the Xe ratio was 1 0% in the first PDP, the brightness 

of the first PDP was lower than that of the third PDP. 

[0102] It can be Inferred from the results shown In FIGS. 1 6 and 1 7 that the first characteristic of the first PDP can 
be increased compared to the third PDP and the second characteristic of the first PDP is maintained at the level of the 
20 third PDP. 

[0103] The following description concerns the results of measuring the first and second characteristics of the second 
and third PDPs. In measuring experiments, Inner conditions such as a type of discharge gas, a discharge gas mixture 
ratio, an Inner pressure, a duty ratio, and a type of fluorescent layer were the same In the second and third PDPs. 
[0104] FIG. 18 shows the results of measuring the first characteristics of the second and third PDPs. FIG. 1 8 shows 
25 the results of measuring the second characteristics of the second and third PDPs. 

[0105] In FIG. 1 8, " denotes the result of measuring the first characteristic of the second PDP, and "♦ " denotes 
the result of measuring the first characteristic of the third PDP. In FIG. 19, "A " denotes the result of measuring the 
second characteristic of the second PDP, and 1 denotes the result of measuring the second characteristic of the 
third PDP. 

30 [0106] Referring to FIG. 18, a discharge start voltage was 205 V In the second PDP but was 218 V in the third PDP. 
After the start of discharge, there was no big difference in light emission efficiency between the second and third PDPs. 
However, maximum light emission efficiency of the second PDP was higher than that of the third PDP at a sustain 
voltage lower than that in the third PDP. 

[0107] Referring to FIG. 19, a discharge start voltage at which brightness in a visible area appears initially was much 
35 lower in the second PDP than in the third PDP. It can be inferred from the graph shown in FIG, 1 9 that the brightness 
of the third PDP is higher than that of the second PDP. However, It can also be inferred that the brightness of the second 
PDP can provide a satisfactory image to a user. 

[0108] As described above, when the second characteristics of the second and third PDPs are considered synthet- 
ically, it can be concluded that the second characteristic of the second PDP is superior to that of the third PDP. 

40 [0109] The following description concerns consumption power of the PDP having a ditch In an upper dielectric layer 
according to the tenth embodiment of the present invention and consumption power of the third PDP. 
[0110] FIG. 20A Is a cross-section of the third PDP and FIG. 21 A Is a cross-section of a PDP (hereinafter, referred 
to as a fourth PDP) corresponding to the PDP according to the tenth embodiment of the present invention. 
[0111] In FIG. 21 A, reference characters E1 and E2 denote first and second electrodes, respectively, formed on a 

45 surface of the front glass substrate 1 0 facing the rear glass substrate 12. Each of the first and second electrodes E1 
and E2 corresponds to an electrode including a main electrode and an auxiliary electrode in each of the above-described 
first through tenth embodiment of the present Invention. Reference numeral 1 80 denotes a dielectric layer which covers 
the first and second electrodes E1 and E2 and has the first or second ditch GR1 or GR2 having a predetermined depth. 
Reference numeral 182 denotes a protective layer covers the entire surface of the dielectric layer 180. 

50 [0112] Referring to FIGS. 20 A and 21 A, a dielectric layer exists between the first and second sustain electrodes 14a 
and 14b In the third PDP and between the first and second electrodes E1 and E2 In the fourth PDP. Accordingly, a 
parasitic capacitor may exist in an upper plate of each of the third and fourth PDPs. However, distribution of parasitic 
capacitors in the upper plate of the third PDP Is different from that of in the upper plate of the fourth PDP because the 
structure of the upper plate of the third PDP is different from that of the third PDP. As a result, displacement current of 

55 the third PDP is different from that of the fourth PDP, and therefore, consumption power of the third PDP is different 
from that of the fourth PDP. 

[01 13] More specifically, FIGS. 20B and 20C are equivalent circuit diagrams showing parasitic capacitor distributions 
In the upper plate of the third PDP before and after the start of discharge. In FIGS. 20B and 20C, Cp denotes a ca- 
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pacitance (hereinafter, referred to as a first capacitance) of a capacitor Including the first and second sustain electrodes 
14a and 14b and the dielectric layer 18 existing between the first and second sustain electrodes 14a and 14b. Cd 
denotes a capacitance (hereinafter, referred to as a second capacitance) of a capacitor Including the first and second 
sustain electrodes 1 4a and 1 4b ( the protective layer 20, and the dielectric layer 1 8 existing among the first and second 

5 sustain electrodes 14a and 14b and the protective layer 20. Cg denotes a capacitance (hereinafter, referred to as a 
third capacitance) of a capacitor including the first and second sustain electrodes 14a and 14b, the dielectric layer 18 
existing between the first and second sustain electrodes 14a and 14b, and gas in a discharge area. 
[01141 Referring to FIG. 20B, the first through third capacitances Cp, Cd, and Cg exist before the start of discharge. 
However, when discharge starts, the gas In the discharge area has conductivity, and therefore, a gas dielectric layer 

10 disappears In the discharge area. As a result, the third capacitance Cg disappears when the discharge starts, as shown 
in FIG. 20C. The first and second capacitance do not change even after the discharge starts. 
[0115] FIGS. 21 B and 21 C show distributions of parasitic capacitors in the upper plate of the fourth PDP before 
and after the start of discharge. Cps denotes a capacitance (hereinafter, referred to as a fourth capacitance) of a 
capacitor including the first and second electrodes E1 and E2, the protective layer 182 formed on a side wall of the 

1* first or second ditch GR1 or GR2, and the dielectric layer 1 80 formed among the first and second electrodes E1 and 
E2 and the protective layer 182 formed on the side wall of the first or second ditch GR1 or GR2. Cpo denotes a 
capacitance (hereinafter, referred to as a fifth capacitance) of a capacitor Including the protective layer 1 82 formed on 
the side wall of the first or second ditch GR1 or GR2 and a discharge gas existing In the ditch. The fourth capacitance 
Cps exists at both sides of the first or second ditch GR1 or GR2, and therefore, a total of two fourth capacitances Cps 

20 exist. 

[01 16] Before the start of discharge, the second through fifth capacitances exist in the upper plate of the fourth PDP, 
as shown In FIG. 21 B. After the start of discharge, the discharge gas In the first or second ditch GR1 or GR2 has 
conductivity, and therefore, a gas dielectric layer in the first or second ditch GR1 or GR2 disappears. As a result, after 
the start of discharge, the fifth capacitance Cpo disappears from the upper plate of the fourth PDP. 
25 [0117] Referring to FIGS. 20B and 21 B, before the start of discharge, the first capacitance Cp in the third PDP 
corresponds to the fourth and fifth capacitances Cps and Cpo connected in serial in the fourth PDP. Accordingly, the 
. sum of the fourth and fifth capacitances Cps and Cpo In the fourth PD P Is less than the first capacitance Cp In the third 
PDP, as expressed In Formula (8). 

30 Cp > C P° + C P S (B) 

w Cpo x Cps K } 

[0118] Since a displacement current is proportional to a capacitance, before the start of discharge, a displacement 
current induced between the first and second electrodes E1 and E2 in the fourth PDP is less than that induced between 
35 the first and second sustain electrodes 14a and 14b in the third PDP. 

[01 19] Consumption power W proportional to a displacement current fCV is expressed by Formula (9). 



40 



45 



W = fCV 2 (9) 



[0120] Here, T denotes an alternating current (AC) voltage frequency, C denotes a capacitance, and V denotes an 
AC voltage. 

[0121 ] As described above, a capacitance or displacement current fCV of a parasitic capacitor In the fourth PDP Is 
less than that of a parasitic capacitor in the third PDP. Accordingly, it can be inferred from Formula (9) that the con- 
sumption power of the fourth PDP Is less than that of third PDP. 
[0122] A first simulation was performed to inspect changes In a discharge start voltage according to existence or 
non-existence of a resistance element as an auxiliary electrode in a sustain electrode. A second simulation was per- 
formed to inspect the relationship between a ditch formed in an upper dielectric layer and a discharge start voltage. 
[0123] In the first simulation, a first simulated PDP shown In FIG. 22 was used as a conventional PDP, and a second 
50 simulated PDP shown In FIG. 23 was used as a PDP Including a sustain electrode having a resistance element ac- 
cording to the present Invention. 

[0124] In FIG. 22, reference numerals 194 and 196 denote sustain electrodes, respectively, separated from each 
other by a first distance D1. Reference numeral 190 denotes an upper dielectric layer on one surface of which the 
sustain electrodes 194 and 196 are formed. A protective layer 198 is formed on an opposite surface of the upper 
55 dielectric layer 1 90. A lower dielectric layer 1 92 Is formed to be separated from the protective layer 1 98 by a distance 
corresponding to a discharge space of the PDP. A fluorescent layer 200 is formed on a surface of the lower dielectric 
layer 1 92 facing the protective layer 198. 
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[0125] The second simulated PDP shown in FIG. 23 has the same structure as the first simulated PDP shown In 
FIG. 22, with the exception that sustain electrodes 200 and 202 In the second simulated PDP are separated from each 
other by a second distance D2 that is less than the first distance D1 by which the sustain electrodes 1 94 and 196 are 
separated from each other In the first simulated PDP. The second distance D2 corresponds to a gap between resistance 
5 elements Included In different sustain electrodes, respectively, In each of the PDPs according to the first through tenth 
embodiments of the present Invention. 

[0126] In the first simulation, the thickness of the upper and lower dielectric layers 1 90 and 1 92 was 30 u.m, and a 
dielectric material having a dielectric constant of 12 was used in the first and second simulated PDPs shown In FIGS. 
22 and 23. The width of the sustain electrodes 1 94, 1 96, 200 and 202 was 320 u.m. The first distance D1 was 80 u,m, 
"> and the second distance D2 was 20 y.rn. Pulses of a voltage applied to each of the sustain electrodes 194, 196, 200 
and 202 had a width of 5 >is. In addition, a mixture gas of Ne and Xe was used as a discharge gas in the first and 
second simulated PDPs, and a Xe ratio was changed from 5% to 1 0% and 30%. A pressure was maintained at 505 torr. 
[0127] Table 1 shows the results of measuring a discharge start voltage in the first and second simulated PDPs. 

Table 1 



20 



PDP type 


5% 


. . 10% 


30% 


First simulated PDP 


216 V 


237 V 


326 V 


Second simulated PDP 


198 V 


216 V 


284 V 



[0128] Referring to Table 1, the discharge start voltage Is lower In the second simulated PDthan in the first simulated 
PDP regardless of the Xe ratio. This result means that when a sustain electrode includes a resistance element according 

25 to the present invention, discharge can be provoked at a lower voltage than in the conventional PDP. It also means 
that when the discharge start voltage of the second simulated PDP is the same as that of the first simulated PDP, the 
Xe ratio In the second simulated PDP can be Increased to be higher than that In the first simulated PDP. 
[0129] When the Xe ratio is increased, light emission efficiency is also Increased. Accordingly, when the same dis- 
charge start voltage is used, the light emission efficiency of the second simulated PDP is higher than that of the first 

30 simulated PDP. 

[0130] In the second simulation, a third simulated PDP shown in FIG. 24 was used as a conventional PDP, and a 
fourth simulated PDP shown In FIG. 25 was used as a PDP In which a sustain electrode Includes a resistance element 
and a ditch is formed in a dielectric layer covering the sustain electrode according to the present invention. In FIGS. 
22 through 25, the same reference numerals denote the same members. 
35 [0131] As shown In FIG. 24, the third simulated PDP is the same as the first simulated PDP, and thus a description 
thereof will be omitted. 

[0132] The fourth simulated PDP shown in FIG. 25 includes two sustain electrodes 204 and 206 on one surface of 
the upper dielectric layer. The two sustain electrodes 204 and 206 are separated from each other by th e second distance 
D2 (FIG. 23). A ditch 208 is formed in the upper dielectric layer 1 90 between the two sustain electrodes 204 and 206. 

*o The protective layer 1 98 Is formed on an opposite surface of the upper dielectric layer 190 to cover the entire surface 
of the ditch 208. The other parts of the fourth simulated PDP are the same as those of the second simulated PDP. 
[0133] In the second simulation, the thickness of the upper and lower dielectric layers 190 and 912, a dielectric 
material, the width of the sustain electrodes 194, 196, 204, and 206, the width of pulses of a voltage applied to the 
sustain electrodes 1 94, 1 96, 204, and 206, a discharge gas, and a Xe ratio in the discharge gas were the same in the 

45 third and fourth simulated PDPs. The Xe ratio was increased from 5% to 1 0% and 30%, and a pressure was maintained 
at 505 torr. 

[0134] Table 2 shows the results of measuring a discharge start voltage In the third and fourth simulated PDPs. 



Table 2 



^ Xe ratio 
PDP type ^ — ^ 


5% 


10% 


30% 


Third simulated PDP 


216 V 


237 V 


326 V 


Fourth simulated PDP 


162 V 


170 V 


198 V 



55 

[0135] Referring to Table 2, the discharge start voltage is much lower In the fourth simulated PD than in the third 
simulated PDP. In particular, when Tabie 1 is compared Table 2, the discharge start voltage of the fourth simulated 
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PDP Is much lower than that of the second simulated PDP. 

[0136] According to the results of the first and second simulations, It can be Inferred that when two sustain electrodes 
Include resistance elements, respectively, separated by a less distance than a distance between the two sustain elec- 
trodes, and a ditch is formed in a dielectric layer covering the sustain electrodes and the resistance elements In a PDP, 
5 a discharge start voltage is decreased compared to a PDP Including a resistance element without a ditch according 
to the present Invention as well as the conventional PDP. 

[0137] Consequently, in the fourth simulated PDP, discharge can be provoked at a lower voltage than used in the 
third simulated PDP, and a Xe ratio in a discharge gas can be Increased, thereby providing high light emission efficiency 
at a lower discharge start voltage. 
10 [0138] The following description concerns a method of manufacturing a PDP according to an embodiment of the 
present invention, and more particularly, a method of manufacturing a sustain electrode used In a PDP. Here, the first 
through eighth sustain electrodes are referred to as main electrodes, and the resistance elements are referred to as 
auxiliary electrodes. In addition, the assumption is made that a sustain electrode includes a main electrode and an 
auxiliary electrode. 

15 [0139] Referring to FIG. 26, a clean glass substrate is prepared in step 200. This glass substrate is used as a front 
glass substrate. Next, a transparent electrode material layer, for example, an indium tin oxide (ITO) layer, which has 
a high light transmlttance and suitable for forming a sustain electrode, Is formed on the glass substrate In step 210. 
The transparent electrode material layer Is patterned, thereby forming sustain electrodes having a double gap In step 
220. 

20 [0140] More specifically, each sustain electrode includes a space, and one of the resistance elements shown in 
FIGS. 4 through 12 is formed in the space. In other words, each sustain electrode includes a main electrode (one of 
the first through eighth sustain electrodes), which includes the space and through which most current flows, and an 
auxiliary electrode (one of the first through twentieth resistance elements), which Is formed In the space and connected 
to the main electrode. It Is preferable that the main and auxiliary electrodes are simultaneously and integrally formed. 

25 in addition, it is preferable that a gap between two adjacent main electrodes is greater than a gap between auxiliary 
electrodes formed on the respective main electrodes so that the two adjacent sustain electrodes have a double gap. 
[0141 ] The sustain electrodes having the above-described features can be acquired by reflecting these features on 
a process of patterning a photoresist layer deposited on the transparent electrode material layer. In other words, by 
reflecting these features of the sustain electrodes on a process of patterning the photoresist layer, a photoresist layer 

30 pattern having these features, I.e., thesame shape of the sustain electrodes, is formed. Then, by etching the transparent 
electrode material layer using the photoresist layer pattern as an etch mask, the sustain electrodes having these fea- 
tures are formed on the glass substrate. 

[0142] The sustain electrodes shown In one of FIGS. 4 through 12 or one of combinations of the sustain electrodes 
shown In FIGS. 4 through 1 2 may be formed in step 220. For example, one of two adjacent sustain electrode is formed 
35 to include the first sustain electrode 40 and the first resistance element composed of the body 52a and the end portion 
52b, shown in FIG. 4, and the other one is formed to include one of the sustain electrodes shown in FIGS. 5 through 
12 and one of the second through eighteenth resistance elements. 

[0143] After forming the sustain electrodes on the glass substrate, bus electrodes are formed on the respective 
sustain electrodes to be parallel with the respective sustain electrodes in step 230. Black stripes (not shown) are formed 

to between the sustain electrodes, and a dielectric layer (1 6B shown in FIG. 1 4) is formed to cover the sustain electrodes, 
the sub electrodes, and the black stripes. The dielectric layer 168 may include a single layer, as shown in FIG. 14, or 
muttl layers by sequentially forming the first and second dielectric layers 1 72 and 1 74, as shown In FIG. 1 5. Thereafter, 
as shown in FIG. 14, the first ditch GR1 is formed in the dielectric layer 168. Alternatively, as shown in FIG. 15, the 
second ditch GR2 may be formed in the dielectric layer 168. Preferably, the first and second ditches GR1 and GR2 

45 are formed possibly deep but do not expose the resistance elements 1 60a and 162a. Accordingly, it Is preferable that 
the second ditch GR2 is formed to expose the first dielectric layer 172. However, the second ditch GR2 may be formed 
deeper toward the first dielectric layer 1 72. The first or second ditch GR1 or GR2 can be easily formed using a typical 
photo etching process. 

[01 44] Succeeding processes such as a process of forming a protective layer on the dielectric layer 1 68 having the 
so first or second ditch GR1 or GR2, a seal line printing process, and a process of forming a protective layer, processes 
for forming a rear glass substrate panel, a process of sealing the front glass substrate panel to the rear glass substrate 
panel, a process of injecting a plasma forming gas, and a packaging process are performed according to a typical 
procedure. However, It is preferable that the plasma forming gas is a mixed gas of Ne and Xe, which contains 4-20% Xe. 
[0145] As described above, a sustain electrode used in a PDP according to the present invention includes a main 
55 electrode, through which most current flows after the start of a discharge, and an auxiliary electrode (i.e., a resistance 
element), which has a high resistance for a low voltage discharge. In addition, a ditch is formed immediately above 
the auxiliary electrode In a dielectric layer covering the main and auxiliary electrodes. A gap between auxiliary elec- 
trodes included in different sustain electrodes, respectively, is narrower than a gap between the main electrodes. Ac- 
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cordingly, a discharge start voltage can be decreased compared to conventional PDPs. In particular, application of a 
discharge voltage induces an Intensive electric field in the ditch, which facilitates discharge of the discharge gas in the 
ditch. Accordingly, the discharge start voltage can be further lowered In a PDP Including the ditch as well as the auxiliary 
electrode according to the present invention. Moreover, the gap between the main electrodes in a PDP according to 
5 the present Invention Is as wide as a gap between sustain electrodes in the conventional PDPs. Accordingly, degra- 
dation of brightness and efficiency can be prevented in a PDP according to the present invention while the discharge 
start voltage can be lowered by more than 20 V compare to the conventional PDPs. 

[0146] While this invention has been particularly shown and described with reference to preferred embodiments 
thereof, the preferred embodiments should be considered in descriptive senses only and not for purposes of (Imitation. 

10 For example, those skilled in the art of the present invention can use auxiliary electrodes (i.e., resistance elements) 
havi ng different shapes from those descri bed in the above embodiments without departing from the sprit of the Invention . 
For example, Instead of providing an auxiliary electrode in a groove formed In a sustain electrode, resistance elements 
according to the present invention can be provided in the conventional sustain electrodes 14a and 14b, respectively, 
which do not have a groove, as shown In FIG. 2. In other words, a resistance element can be provided at an end of 

13 the sustain electrode 14a to face the sustain electrode 14b, and a resistance element can be provided at an end of 
the sustain electrode 14b to face the sustain electrode 1 4a. Here, the two resistance elements may be positioned to 
face each other or alternate with each other. Alternatively, only one of two facing sustain electrodes may have a groove, 
so a resistance element may be provided at an end of one sustain electrode not having a groove, and a resistance 
element may be provided in the groove formed in the other sustain electrode. In addition, a ditch may be formed 

20 immediately above only a single resistance element. As described above, since various modifications can be made to 
the above-described embodiments, the scope of the Invention is defined not by the detailed description of the Invention 
but by the appended claims. 



25 Claims 

1 . A plasma display panel comprising: 

a front panel on which an image is displayed, the front panel comprising a plurality of sustain electrodes, a 
30 plurality of bus electrodes, a first dielectric layer covering the plurality of sustain electrodes and bus electrodes, 

and a protective layer; 

a rear panel which Is separated from the front panel and hermetically sealed to the front panel, the rear panel 
comprising a plurality of data lines, a second dielectric layer covering the plurality of data lines, barrier ribs, 
and a fluorescent layer; and 
35 a plasma forming gas which exists between the front and rear panels, 

wherein a first sustain electrode selected from the plurality of sustain electrodes and a second sustain elec- 
tro defacing the first sustain electrode have a double gap which allows a discharge voltage to be decreased without 
reducing discharge efficiency, allows discharge to be provoked at a low voltage, and allows the low voltage dis- 
^0 charge to stop after the start of the discharge. 

2. The plasma display panel of claim 1 , wherein the first sustain electrode comprises: 

afirst main electrode, which is used to sustain the discharge after the discharge is started atthe low voltage; and 
a first auxiliary electrode, which is Integrally connected to the first main electrode and is used to start the 
discharge, the first auxiliary electrode being a resistance element having a resistance of at least 30 12. 

3. The plasma display panel of claim 2, wherein a first groove, In which the first auxiliary electrode is disposed, is 
formed in the first main electrode. 

50 

4. The plasma display panel of claim 3, wherein the first groove Is near a barrier rib. 

5. The plasma display panel of claim 3 or 4, wherein an entrance of the first groove is narrower than the inside of the 
first groove. 

55 

6. The plasma display panel of claim 3, 4 or 5, wherein the first auxiliary electrode comprises a body, wh ich is disposed 
within the first groove, and an end portion, which is extended from the body and is disposed between the first and 
second sustain electrodes. 
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7. The plasma display panel of claim 6, wherein the body of the first auxiliary electrode alternates back and forth In 
a horizontal plane or a vertical plane. 

8. The plasma display panel of claim 6 or 7, wherein the end portion of the first auxiliary electrode Is parallel with or 
s perpendicular to a bus electrode formed on the first sustain electrode. 

9. The plasma display panel of any preceding claim, wherein the second sustain electrode comprises: 

a second main electrode, which is used to sustain a discharge after the discharge is started at the low voltage; 
10 and 

a second auxiliary electrode, which Is integrally connected to the second main electrode and is used to start 
the discharge, the second auxiliary electrode being a resistance element having a resistance of at least 30 CI. 

10. The plasma display panel of claim 3, wherein a second groove, in which the second auxiliary electrode is disposed, 
'5 is formed in the second main electrode. 

1 1 . The plasma display panel of claim 1 0, wherein the second groove is near a barrier rib. 

12. The plasma display panel of claim 11, wherein an entrance of the second groove is narrower than the inside of 
20 the second groove. 

13. The plasma display panel of claim 11 or 12, wherein the second auxiliary electrode comprises a body, which Is 
disposed within the second groove, and an end portion, which Is extended from the body and is disposed between 
the first and second sustain electrodes. 

25 

14. The plasma display panel of claim 13, wherein the body of the second auxiliary electrode alternates back and forth 
in a horizontal plane or a vertical plane. 

15. The plasma display panel of claim 14, wherein the body of the second auxiliary electrode alternates back and forth 
30 in a horizontal plane or a vertical plane. 

16. The plasma display panel of claim 13, 14 or 15, wherein the end portion of the second auxiliary electrode is parallel 
with or perpendicular to a bus electrode formed on the second sustain electrode or has a pointed shape. 

35 17. The plasma display panel of any of claims 11 to 1 6 wherein a first groove, In which the first auxiliary electrode is 
disposed, is formed in the first main electrode. 

18. The plasma display panel of claim 1 7, wherein the first and second groove are vertically symmetric. 

19. The plasma display panel of claim 17, wherein the first and second groove are diagonally symmetric. 

20. The plasma display panel of any of claims 2 to 8, wherein the first auxiliary electrode is a first resistance element, 
which is provided at an end of the first main electrode to face the second sustain electrode. 

21 . The plasma display panel of any of claims 9 to 19, wherein the second auxiliary electrode is a second resistance 
element, which is provided at an end of the second main electrode to face the first sustain electrode. 

22. The plasma display panel of claim 21, wherein the first auxiliary electrode Is a first resistance element, which is 
provided at an end of the first main electrode to face the second sustain electrode or the second resistance element. 

23. The plasma display panel of any preceding claim, wherein the plasma forming gas Is a mixed gas of neon (Ne) 
and xenon (Xe) and contains 4-20% Xe. 

24. The plasma display panel of any of claims 2 to 8 or 20, wherein the front panel further comprises a ditch which is 
formed above the first auxiliary electrode in the first dielectric layer. 

25. The plasma display panel of claim 24, wherein the first dielectric layer comprises upper and lower dielectric layers 
having different dielectric constants, and the ditch is formed to expose the lower dielectric layer lying below the 
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upper dielectric layer. 

26. Trie plasma display panel of any of claims 9 to 19 or 21 , wherein the front panel further comprises a ditch which 
is formed above the first and second auxiliary electrodes in the first dielectric layer. 

5 

27. The plasma display panel of claim 26, wherein the first dielectric layer comprises upper and lower dielectric layers 
having different dielectric constants, and the ditch is formed to expose the lower dielectric layer lying below the 
upper dielectric layer. 

to 28. The plasma display panel of claim 3, wherein the first groove Is formed immediately above a barrier rib. 

29. The plasma display panel of claim 10, wherein the second groove is formed immediately above a barrier rib. 

30. A plasma display panel comprising: 

15 

a front panel on which an Image is displayed, the front panel comprising a plurality of sustain electrodes, a 
plurality of bus electrodes, a first dielectric layer covering the plurality of sustain electrodes and bus electrodes, 
and a protective layer; 

a rear panel which is separated from the front panel and hermetically sealed to the front panel, the rear panel 
20 comprising a plurality of data lines, a second dielectric layer covering the plurality of data lines, barrier ribs, 

and a fluorescent layer; and 

a plasma forming gas which exists between the front and rear panels, 

wherein at least one of the plurality of sustain electrodes comprises a main electrode, which Is used to sustain 
discharge, and an auxiliary electrode, which has a high resistance and is used to start the discharge, and 
25 the auxiliary electrode is connected to the main electrode such that at least part of the auxiliary electrode exists 

between two facing sustain electrodes. 

31. The plasma display panel of claim 30, wherein the auxiliary electrode comprises a body, which alternates back 
and forth in a horizontal plane or a vertical plane, and an end portion, which Is extended from the body to be 

30 disposed between the two facing sustain electrodes. 

32. The plasma display panel of claim 31 , wherein a groove Is formed In the main electrode so that the body of the 
auxiliary electrode is disposed in the groove. 

35 33, The plasma display panel of claim 32, wherein the groove is formed Immediately above a barrier rib. 

34. The plasma display panel of claim 32 or 33, wherein an entrance of the groove is narrower than the inside of the 
groove. 

40 35. The plasma display panel of claim 31 or 32, 33 or 34, wherein the end portion Is parallel with or perpendicular to 
a sustain electrode that the end portion faces. 

36. The plasma display panel of any of claims 30 to 35, wherein the auxiliary electrode is connected to an end of the 
main electrode such that the entire auxiliary electrode is disposed between the two facing sustain electrodes. 

45 

37. The plasma display panel of any of claims 30 to 36, wherein a ditch is formed to a predetermined depth in the first 
dielectric layer Immediately above the auxiliary electrode. 

38. The plasma display panel of claim 37, wherein the first dielectric layer is formed by sequentially forming lower and 
so upper dielectric layers having different dielectric constants, and the ditch is formed to expose the lower dielectric 

layer lying below the upper dielectric layer. 

39. A method of manufacturing a plasma display panel including a front panel having a front glass substrate, a plurality 
of sustain electrodes, a plurality of bus electrodes, and a first dielectric layer covering the plurality of sustain elec- 
ts trades and bus electrodes, and a protective layer; a rear panel which is separated from the front panel and her- 
metically sealed to the front panel, the rear panel having a rear gtass substrate, a plurality of data lines, a second 
dielectric layer covering the plurality of data lines, barrier ribs, and a fluorescent layer; and a plasma forming gas 
which exists between the front and rear panels, the method comprising; 
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forming the sustain electrodes such that each sustain electrode faces another sustain electrode with a double 
gap which allows discharge to be provoked at a low voltage without decreasing discharge efficiency between 
the two facing sustain electrodes and allows low-voltage discharge to stop after the start of discharge. 

5 40. The method of claim 39, wherein forming the sustain electrodes having the double gap therebetween comprises: 

forming a transparent electrode material layer for forming the sustain electrodes on a surface of the front glass 
substrate, which faces the rear glass substrate panel; 
depositing a photoresist layer on the transparent electrode material layer; 
io patterning the photoresist layer to have the same pattern as the sustain electrodes, thereby forming a pho- 

toresist layer pattern having a double gap; 

etching the transparent electrode material layer using the photoresist layer pattern as an etch mask; and 
removing the photoresist layer pattern. 

15 41 . The method of claim 39 or 40, wherein at least one of the two facing sustain electrodes is formed to comprise: 

a main electrode, which Is used to sustain a discharge after the discharge is started; and 
an auxiliary electrode, which has a high resistance and Is used to start the discharge, and 
the main and auxiliary electrodes are integrally and simultaneously formed. 

20 

42. The method of claim 41, wherein a groove is formed in the main electrode, and the auxiliary electrode is formed 
In the groove. 

43. The method of claim 42, wherein the groove is formed immediately above a barrier rib. 

25 

44. The method, of claim 41 , 42 or 43, wherein the auxiliary electrode is formed at an end of the main electrode such 
that the auxiliary electrode Is disposed between the two facing sustain electrodes. 

45. The method of claim 42, wherein the auxiliary electrode comprises a body, which is formed within the groove, and 
30 an end portion, which is extended from the body out of the groove to be disposed between the two facing sustain 

electrodes, and the body alternates back and forth in a horizontal plane or a vertical plane. 

46. The method of claim 45, wherein the end portion is parallel with or perpendicular to bus electrodes formed on the 
two facing sustain electrodes, respectively, or has a pointed shape. 

35 

47. The method of any of claims 42 to 46, wherein an entrance of the groove is narrower than the Inside of the groove. 

48. The method of any of claims 41 to 47, wherein the auxiliary electrode is formed in each of the two facing sustain 
electrodes such that the auxiliary electrodes in the respective two facing sustain electrodes are vertically or dlag- 

*o onally symmetric. 

49. The method of any of claims 39 to 48, further comprising forming a ditch In the first dielectric layer Immediately 
above the double gap. 

45 50. The method of claim 49, wherein the first dielectric layer is formed by sequentially stacking a lower dielectric layer 
and an upper dielectric layer having different dielectric constants, and the ditch is formed to expose the lower 
dielectric layer lying below the upper dielectric layer. 
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